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INTRODUCTION
Blunt chest trauma is commonly encountered in the emergency department as an individual presentation or part of the clinical scenario of a trauma patient [1] . According to the 2012 National Trauma Data Bank (NTDB) Research Data Set, 738396 patients with available Abbreviated Injury Scale were admitted nationwide. Patients with chest trauma constituted 87387 (11.8%) of the registered patients among which, 73809 (84.5% of chest trauma patients) had blunt chest trauma and 12200 (16.5% of blunt chest trauma patients) had hemothorax (Committee on Trauma, American College of Surgeons. NTDB 2012. Chicago, IL).
Although hemothorax is managed by tube thoracostomy in hemodynamically unstable and critical patients after initial chest/pelvic x-ray and focused assessment with sonography in trauma (FAST), virtually all stable blunt trauma patients undergo chest computed tomography (CT) scan as part of their trauma workup [2] . This is partially due to higher sensitivity of chest CT imaging in detecting pneumothorax, hemothorax and pulmonary contusions along with suboptimal imaging preparation and positioning for supine chest radiography in the acute setting [3] . Tube thoracostomy is an invasive procedure which can lead to immediate procedural injuries, infections, and pain, which can contribute to respiratory failure in patients with chest wall injury. Patients with hemothoraces managed without chest tube can lead to infections and trapped lung. Therefore, it is clinically important to know which patients should receive a chest tube.
At the advent of helical CT scanning, chest CT scan was reserved for cases where chest radiography had uncertain and equivocal results. Hence, up to 30% of blunt trauma patients had their hemothoraces identified on chest CT images, which were not readily identifiable on plain chest X-rays, a.k.a. occult hemothorax [4] [5] [6] . Thanks to fairly universal application of chest CT in assessment of blunt chest trauma patients, "occult hemothorax" is not practically occult anymore. In fact, the previously published research papers on occult hemothorax have included hemothoraces that are undoubtedly within the identification range of chest radiography [6, 7] . In addition, these studies have included extrapolations from plain radiography studies as their cutoff value, primarily due to the absence of existing studies focusing on chest CT measurements [6] [7] [8] [9] . In this study, we investigated the association between the measured size of hemothoraces on chest CT images and the likelihood of tube thoracostomy in an attempt to identify a CT scan-based cutoff value of chest tube placement in blunt chest trauma patients.
MATERIALS AND METHODS
Following the approval of the Institutional Review Board of Geisinger Medical Center, we retrospectively studied all patients with the diagnosis of hemothorax and blunt chest trauma that were admitted to our level I trauma center from the beginning of September 2009 to the end of August 2014. Excluded patients were those who were admitted after 24 h from the traumatic accident, patients who were admitted with a chest tube in place, those with chest tube placement before CT scan imaging, patients with chronic hemothorax and those with known pleural diseases. The decision to place a chest tube was based on the clinical judgement of the trauma surgeon for each individual case.
We extracted demographic and clinical data including age, sex, Injury Severity Score (ISS), mechanism of injury, Glasgow Coma Score (GCS), pneumothorax, number of rib fractures, pulmonary contusion and aortic injury. These variables were used in multivariate analysis. Hemothorax was measured as the size (centimeters) of the deepest lamellar fluid stripe in the dependent pleural gutter on axial CT scan images ( Figure 1 ).
Continuous variables were expressed as means ± SD. Non-parametric continuous data were expressed as median with inter-quartile range. Categorical data were expressed as frequencies (%). Logistic regression was used to analyze the predicted probability for tube thoracostomy. Logistic regression with stepwise selection was used to identify variables that increased the chance of tube thoracostomy. SAS 9.4 (SAS Institute, Cary NC) was used for statistical analyses and P < 0.05 was considered significant.
RESULTS
Over the 5-year study period, 271 patients were admitted with the diagnosis of hemothorax and blunt chest trauma. Forty-three patients were excluded and the analysis was performed on the remaining 228 patients. A total number 274 hemothoraces were included from 150 males and 78 females. Table 1 summarized the demographic data and the clinical findings of our patients. The mechanism of injury was predominantly fall (41%) and motor vehicle crash (38%). Patients had a mean ISS of 20 ± 11. Most patients (86%) had a mild GCS (13) (14) (15) . The median number of rib fractures was 5 (3, 8) and pneumothorax was identified in 128 (56%) patients.
The median size of hemothorax was 1.4 cm (0.9, 2.4). As shown in Figure 2 , using logistic regression, we plotted the chest tube insertion versus the measured size in the predicted probability graph. All patients with hemothoraces measuring above 3 cm underwent tube thoracostomy. We found that the probability of receiving a chest tube was more than 50% when the hemothorax measured more than 2.05 cm.
Logistic regression with stepwise selection was used to identify variables associated with odds of receiving a chest tube for hemothoraces < 2 cm. As table 2 summarizes, ISS and associated pneumothorax were associated with significantly higher odds of tube thoracostomy (P = 0.004 and P < 0.0001, respectively). In the 2-3 cm hemothorax range, between 14 patients who underwent tube thoracostomy, pneumothorax was not identified in two (14%). In the same hemothorax range, 15 patients did not receive a chest tube with pneumothorax absent in six (40%). In the remaining 9 patients (60%), pneumothoraces were radiographically identified as compromising less than 5% of the volume of the ipsilateral hemothorax.
DISCUSSION
We have reported the first study investigating the likelihood of tube thoracostomy based on the measurement of hemothoraces in chest CT scans of blunt chest trauma patients. We found that tube thoracostomy was performed in all patients with hemothoraces measuring more than 3 cm. We also found that the chance of tube thoracostomy was above 50% in patients with hemothoraces measuring above 2 cm; with pneumothorax significantly influencing the decision making. Although a few studies have investigated management of occult hemothorax and included the size in their analyses [6, 7, 10] , they are primarily limited in founding their criteria on extrapolations of chest radiography measurements [8, 9] , which would highlight why our study was necessary.
The first study directly investigating chest tube placement in management of occult hemothorax was published in 2005 by Bilello et al [6] As the investigators stated, measurements and the 1.5 cm cutoff was set by extrapolation of pleural fluid measurements in chest radiography. Nearly half of the hemothoraces in this study were classified as moderate/large, which by definition, should have been identified in chest radiography and not be included in the study. The following year, another study was published by Stafford et al [10] on the incidence and management of occult hemothorax. In this study, the mean measurement of hemothorax in patients receiving chest tubes was close to 2 cm. More recently, the prospective study by Mahmood et al [7] in 2011 also reported 18% of the patients (the comparison group) to have measurements above 1.5 cm.
This discrepancy might be stemming from difficulty of extrapolation of chest radiography measurements into chest CT scan measurements. Some of the earlier chest X-ray measurements were based on lateral decubitus measurements rather than decubitus images [11] . In addition, chest X-ray fluid measurements propose a range of volumes rather than an exact number [8] . The need to have CT scan-based recommendations is also stemming from clinicians' inclination towards chest CT scan rather than relying on chest X-ray images. This inclination is scientifically supported by a very recent study showing that up to 71% of patients with blunt chest injury have some or all injuries identified only on chest CT scans [12] . This shows why there was a need for a study based on CT scan measurements alone.
Based on aforementioned literature, the term "occult hemothorax" might not be a clinically applicable name as almost all patients with blunt chest trauma would undergo chest CT scan, which is capable of picking smallest effusions. Hence, the term "small hemothorax" would better delineate the clinical picture as "overt hemothorax" (i.e., large hemothoraces that are identified readily with FAST or chest X-ray) is the only practically true clinical entity that would undergo tube thoracostomy before chest CT imaging.
Our studied population is rather comparable to previously studied patients. In the Bilello et al [6] study, 78 patients with an average ISS close to 25 were included. Less than 40% of patients required tube thoracostomy [6] . The study of Stafford et al [10] included 88 patients with an average ISS of 20. Chest tubes were required in 48% of patients [10] . Lastly, the prospective study by Mahmood et al [7] included 81 patients with an average ISS of 18. Tube thoracostomy was required in only 17% of patients, which is probably reflecting the better job of a prospective study to include patients with smaller hemothoraces. Our study is thus far the largest study that includes 274 hemothoraces from 228 patients.
This study was limited by the operator-based measurements of hemothoraces. Availability or design of a computerized program to measure hemothorax would potentially eliminate this bias. Another limitation was stemming from the radiographic appearance of hemothorax, which does not always form a complete crescentic shape in trauma. Therefore, it is not always easy to define the deepest lamellar fluid stripe. A program that can measure the volume of the hemothorax rather than one single measurement of the thickness would overcome this limitation. Volumetric measurements have been used in other areas of medicine and would be a reachable goal in hemothorax studies [13, 14] . Finally, our study was limited by the absence of tube thoracostomy criteria in small hemothoraces. Although the study was performed in a level I trauma center with well-trained trauma surgeons, the final decision of tube thoracostomy was made by the clinical judgement of the trauma surgeon. By expanding the study period over 5 years and including all patients, we tried to partially overcome this limitation. A prospective study including multiple centers with defined criteria for tube thoracostomy would overcome several of the limitations and would be a promising next-step to our current study.
In conclusion, based on chest CT scan measurements, patients with hemothoraces measuring above 3 cm required tube thoracostomy. Hemothoraces greater than 2 cm had more than 50% chance of receiving a chest tube. Further prospective studies are required to validate the cutoff and to investigate associations with outcomes. Figure 2 Predicted probability for tube thoracostomy. The x-axis is the size of hemothorax and the y-axis is the probability of chest tube placement, which is either zero (no chest tubes) or one (chest tube placed). Each black dot represents a patient with a corresponding hemothorax size.
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